ABSTRACT
INTRODUCTION
Reservoir construction causes changes in bodies of water, most obviously reduction in current velocity and increases in shoreline development, water transparency, and sediment stability (Tundisi et al., 1993) . Moreover, depending on the limnological characteristics of the river, the reservoir may undergo rapid eutrophication, which is most accentuated in the first reservoirs of a series (Bini, 1995) . These changes can lead to the invasion and rapid development of different species and ecological types of aquatic macrophytes (Pieterse & Murphy, 1990) .
Floristic surveys represent the first phase of studies envisioning the identification of potential nuisance species and management of the aquatic macrophyte community (Wade, 1990) . In spite of the large number of reservoirs constructed in Brazil (130 reservoirs more than 100 km 2 in the southeast alone; Agostinho et al., 1995) and the ecological importance of aquatic macrophytes (Esteves, 1988) , studies on this community in reservoirs have just began in Brazil. Accordingly, floristic surveys are important in view of the fact that excessive growth of these plants can generate problems for multiple uses of reservoirs such as recreation, fishing, water supply, and generation of electrical power.
In the present study, a survey of species composition of aquatic macrophytes along the left shore of the Itaipu Reservoir was undertaken, with the objective of identifying the species with greatest potential to cause problems for multiple uses of the reservoir. The biomass, distribution, and influence of the principal macrophyte species on some physical and chemical characteristics of the water were also considered. (Fig. 1) . The mean depth is 21.5 m and the theoretical residence time of the water is 40 days. The water level fluctuates less than 1 m annually. The central body of the reservoir can be considered mesotrophic, while the arms along the left (Brazilian) shore may be mesotrophic or eutrophic, depending on the time of year (Andrade et al., 1988) .
STUDY AREA
Water characteristics of the 9 surveyed arms shows marked differences between tributary mouths (regions more frequently colonized by aquatic macrophytes) and open waters. The reservoir has several environmental characteristics that favour the development of different species of aquatic macrophytes. Primarily, the annual mean temperature of 21 o C recorded in the area influenced by the reservoir does not strongly restrict the development of these plants. On a regional scale, the floodplain of the Upper Paraná River upstream from the reservoir is a continuous source of propagules of many species.
METHODS
Subsurface water samples were collected from two areas of the 8 principal arms along the left shore of the reservoir in the open water of the arms (near the main body of the reservoir), and the other near the mouths of the tributaries (Fig.  1 Because of the large size of the reservoir, an initial aerial survey, with helicopter was carried out to locate the areas most densely colonized by aquatic macrophytes and to maximize efficiency of the fieldwork. Emergent and freefloating macrophytes and species with floating leaves were collected manually. Submerged plants were collected with the aid of a Petersen grab and hooks.
In the arms of the São João, Ocoí, São Francisco Falso, and São Francisco Verdadeiro Rivers, we evaluated the biomass of Egeria najas, Potamogeton pusillus, Salvinia auriculata, Eichhornia crassipes, and Pistia stratiotes. For the first two (submerged) species, we collected all plant matter (leaves, petioles, and flowers) contained within 0.25 m 2 quadrats. For the other (free-floating) species, we collected all plant parts (leaves, petioles, flowers, and roots) contained within 0.50 m 2 quadrats. The samples were dried to constant weight (DW) at 105 o C.
The frequency of occurrence of E. najas, the species, which Itaipu managers are more concerned about, was evaluated in the arms of the São João, São Vicente, and São Francisco Falso Rivers. In these localities, we established 25, 11, and 26 collection points respectively, located in the littoral zone demarcated in the map. The number of localities was chosen according to arm heterogeneity and size. At each point the presence or absence of E. najas was recorded. The results are presented as percentage of points in which this species was registered.
RESULTS AND DISCUSSION
List of taxa and ecological groups of aquatic macrophytes A total of 62 taxa belonging to 25 families and 42 genera were identified. Of these, 42 taxa were identified to species level ( Table 2 ). The family Poaceae was best represented, with 14 taxa, next the Characeae with 7 taxa, and the Polygonaceae with 4 taxa. The families Pontederiaceae, Potamogetonaceae, and Hydrocharitaceae were each represented by 3 taxa. Only 1 or 2 taxa of each of the remaining families were identified.
The number of species (62 taxa) contrasted with other surveys in large reservoirs in South America. In Guri Reservoir (Venezuela), an oligotrophic, blackwater environment with an area (4,500 km 2 ) three times greater than the Itaipu, only 27 taxa of aquatic macrophytes were recorded (Vilarrubia & Cora, 1993) . The higher number of species in the Itaipu may be associated with input of nutrients from its tributaries. According to Andrade et al. (1988) , the Itaipu backwaters are meso-eutrophic. Additionally, the moderate water levels variations, which oscillate aproximately one meter per year in the Itaipu, may also favour colonization by different species. It has been shown for other reservoirs that water fluctuations of up to three meters increase the aquatic macrophyte species richness, but higher fluctuations cause its decrease (RØrslett, 1991 The changes caused by construction of the reservoir therefore, created a favorable environment for the development of submerged rooted macrophytes. This statement is supported when we consider the data from a survey of the Itaipu area before the reservoir was constructed (Surehma, 1980) , which documented only five species of submerged macrophytes. Although these results deserve caution, since only the main tributaries were surveyed, E. najas, a common species in Itaipu nowadays, was not found at that time. In this way, it is postulated that the factors contributing to the development of the submerged macrophytes following reservoir construction probably include the reduction in water velocity, increase in system stability when compared to the natural floodplains (the fluctuation in water level being usually lower than 1 meter per year at Itaipu), increased light penetration, and enrichment of sediment by nutrients and organic matter.
Spatial distribution and biomass
The aerial survey established that the aquatic macrophytes were distributed mainly in the upper parts of the reservoir arms, i.e in shallow areas of depth less than 2 meters, near the mouths of the tributaries. These locations have several characteristics that together account for the presence of macrophytes: greater nutrient input, greater sedimentation rate, which reduces the depth and increases the area available for colonization, and protection from wind. Of all the species of aquatic macrophytes found in the reservoir, E. najas required attention since it was recorded in all the arms investigated. Its wide distribution in the reservoir contrasted with its restricted distribution in the Paraná River floodplain. In the Argentine stretch, this species colonized only the most stable habitats such as small, highly transparent ponds with limited influence from the river (Neiff, 1986) . E. najas was not only widely distributed, but occurs frequently and developed high biomass in the Itaipu Reservoir. This high frequency of occurrence was indicated by its presence at previously established sampling points in the arms of the São João (16% of points), São Vicente (36%), and São Francisco Falso (54%) Rivers. Biomass values for E. najas varied between 98 and 186 gDW/m 2 (Table 3) . These results are high comparing to the biomass of P. pusillus, another submerged species found in Itaipu (Table 3) . In some localities large mixed stands of floating macrophytes were observed. The Ocoí River debouches into the reservoir we observed a large area covered by S. auriculata, P. stratiotes, and E. crassipes. In spite of the extensive coverage, the biomass values ( (Esteves, 1982) . It is appropriate to emphasize that free-floating species have a high growth rate. Cook (1990) noted that E. crassipes required only 13 days to double the area occupied, while Salvinia spp. required between 7 -17 days. Thus, under favorable conditions, such as high nutrient input, extensive areas may be colonized in a short period of time. 
